ABSTRACT
INTRODUCTION

71
The incidence of heat illness has rapidly increased to ~50,000 per year during the 72 midsummer for the last decade in Japan as the atmospheric temperature (T a ) increased.
73
Notably, ~50% of the incidence occurred in people age 65 and older (27, 33) due to reduced 74 cardiovascular and body temperature regulations under heat stress with aging (11, 38) . In 75 addition, hypertension, which affects more than 60% of people age 65 and older (17, 30) , 76 reportedly accelerates the loss of heat dissipation mechanisms with aging (22). However, 77 there are few countermeasures to prevent this by improving thermoregulatory capacity in 78 older people with hypertension.
79
We reported that, in ~68-year-old normotensive men, a mixture of whey-protein + regarding their past and current health status using questionnaires, we confirmed that all 120 subjects were nonsmokers and had no overt history of diseases that would limit the exercise 121 tests and training in the present study.
122
The experiments were conducted from the end of September 2011 to the beginning of
123
July 2014. Fig. 1 shows a timeline of the measurements for 5 days before and after exercise 124 training. For the pretraining assessment, on the first day, the subjects were instructed to 125 come to the laboratory at 0600 after overnight fasting while allowing them to drink water 126 freely after 2000 on the day before and we measured anthropological variables, arterial 127 pressures, the carotid arterial compliance (CAC), and the baroreflex sensitivity (BRS) of 128 heart rate (HR). On the third day of the week, the subjects returned to the laboratory at 1500 129 after finishing lunch before 1300 to undergo the measurement of peak aerobic capacity
130
(V ． O 2peak ) by a graded cycling exercise. On the fifth day of the week, they came to the respectively, so that they were isocaloric, within 15 min after exercise each day. subjects were asked to refrain from ingesting alcohol and caffeine the day before and during 152 the 5 days for the measurements.
153
Regarding the adherence to the training, two subjects in the Glc group dropped out of 154 the training; one left because of a family issue and the other because of a health issue while 155 in the Pro-Glc group, three subjects dropped out of training; one was due to a family issue 156 and the other two were due to health issues. Therefore, we analyzed the results in 11 subjects intensity for the 1 st week of training was 60% of the pre-training V subjects were weighed in the nude after urination before exercise and just after exercise.
175
The criteria to stop exercise for safety were that HR was higher than 85% of the HR 176 reserve, SBP/DBP were higher than 250/115 mmHg, or any abnormal electrocardiograph
177
(ECG) measurements were observed (1). Accordingly, because arterial blood pressures 178 increased more than the critical values, we reduced the exercise intensity by ~7% (~6 W) 179 compared with the scheduled target level to maintain the training time per day in a subject 180 for 16 days, 2 subjects for 4 days, and a subject for a day in the Glc group. Similarly, we 181 reduced the intensity in a subject for 5 days and 2 subjects for a day in the Pro-Glc group.
182
On the other hand, we observed no HR measurements reaching the critical value and no
183
abnormal ECG results during the training period.
184
The amounts of drinking water consumed over the 8-week training period were 367 ± 185 73 (mean ± SE) and 337 ± 67 ml·day -1 , and the sweat loss was 840 ± 68 and 896 ± 108 186 g·day -1 in the subjects who completed the training program in the Glc and Pro-Glc groups, 187 respectively, with no significant differences between groups (both, P > 0.6).
188
The mean T a in Matsumoto was the highest in August at ~24.0 °C and lowest in January
189
at ~ -0.6 °C, while the mean RH was ~65% throughout the period. No training was conducted from the middle of July to the beginning of September to avoid any effects of 191 living in a hot climate. Additionally, we paired subjects from the Glc and Pro-Glc groups,
192
respectively, and had them to perform exercise training during the same days of the year
193
with less than a 7 day lag period. During exercise training using the cycle ergometer, they
194
were recommended to continue interval walking training as they did before.
195
The achievements of interval walking training by the subjects for 6 months before 196 participating in the study were 2.2 ± 0.5 and 2.5 ± 0.5 days·week -1 in the Glc and Pro-Glc 197 group, respectively, and during the 2 months of the cycling training, they were 1.0 ± 0.5 and 198 0.6 ± 0.3 days·week -1 in the Glc and Pro-Glc group, respectively, with no significant 199 differences between groups (both, P > 0.6). In the present study, because we instructed and 4 before and after training, respectively, in the Pro-Glc group. In these cases, we used in the Glc and Pro-Glc groups. Subjects were asked to eat the standardized breakfast and 263 lunch at 0700 and 1200, respectively, and to finish the standardized dinner by 2100.
264
On the day of measurement, the subjects reported to the laboratory at 0600 normally 265 hydrated but without having eaten any food for at least ~9 h before the measurement. To 266 ensure that they were well hydrated, they were asked to drink ~500 ml water 2 h before the After the PV measurements, the subjects were nude except for short pants and 
332
The criteria to stop the test for the safety of the subjects were that T es increased to over 333 38.5 °C in addition to the criteria for stopping exercise training as stated above. On the day of measurement, subjects reported to the laboratory at 0600 normally 342 hydrated. To ensure that they were well hydrated, they were asked to drink ~200 ml water 343 after getting out of bed. After emptying their bladders, they were weighed and entered an 344 environmental chamber controlled to ~28 °C of T a and ~40% of RH, and rested in a supine 345 position for more than 30 min before the measurements. We analyzed the 10/11 subjects in 346 the Glc group and 9/10 subjects in the Pro-Glc group because 2 subjects quit the 347 measurements due to urination. was determined by five-lead ECG from R-R intervals.
365
Compliance was calculated according to the following formula (24),
where P 0 is diastolic pressure and P 1 is systolic pressure. D 0 is the smallest diameter in After determining CAC, we determined the BRS in the supine position from HR 373 response to change in arterial blood pressure during the Valsalva maneuver (Fig. 6 B) . For 374 the maneuver, subjects held their breath for 10 sec so that the expiratory pressure was 375 increased and maintained at 40 mmHg, which was monitored with a pressure transducer 376 placed in the mouth, in a feedback manner while watching the current pressure displayed respectively. When 0, 1, and 2 points were assigned to the respective categories, the 411 averaged value was 1.4 ± 0.2 in the Glc group and 1.5 ± 0.2 in the Pro-Glc group with no 412 significant difference between them (P = 0.45). Similarly, on average, the number of drugs 413 subjects used was 1.6 ± 2.3 and 1.9 ± 2.2 in the Glc and Pro-Glc groups, respectively, with 414 no significant difference between them (P = 0.91).
RESULTS
405
415 Table 2 shows the physical characteristics of subjects before and after training. Before Accordingly, we analyzed the changes in PV after training in the Glc and Pro-Glc 426 groups. As in Fig. 2 A and B, after training, PV and Alb cont in the Pro-Glc group increased 427 by 6.6 % and 5.4 %, respectively (both, P < 0.001). We confirmed that the increases in PV the Pro-Glc group, while it increased in 6/11 subjects for the Glc group. On the other hand,
450
FVC increased in 10/10 subjects in the Pro-Glc group but only in 5/11 subjects in the Glc 
461
To examine any effects of anti-hypertensive drugs on the results, we analyzed the results
462
in the subjects with no anti-hypertensive medications: 7/11 and 6/10 subjects in the Glc and
463
Pro-Glc groups, respectively ( Table 1) . We confirmed a significant interactive effect of
464
[training x group] on the increases in PV and Alb cont at rest (P = 0.014 and P = 0.025, 
DISCUSSION
473
In the present study, we studied the older men with higher arterial blood pressure than 474 those in the previous study (37), and those with hypertension matched the categories of the 475 guidelines of the AHA (6). The major findings in the present study are that 1) the cutaneous 476 vasodilator response to increased T es during exercise was enhanced with increased PV in the
477
Pro-Glc group but not in the Glc group; 2) despite the increase in PV for the Pro-Glc group, arterial blood pressures did not increase; rather, it decreased as in the Glc group; and 3) the 479 sensitivity of baroreflex control of the HR increased in both groups, with a significant 480 increase in CAC in the Pro-Glc group but not in the Glc group.
481
According to the report published by the Ministry of Environment of Japan in 2014 (27) Subjects:
514
As in Table 2 , SBP and DBP in the subjects in the present study were ~160 mmHg and 515 ~90 mmHg on average, respectively, higher than ~120 mmHg and ~80 mmHg in the 516 previous study (37) . These values matched the criteria for hypertension according to the 517 AHA guidelines (6), as is true for more than 60% of older people suffered from (17, 30 
528
Because ΔPV at rest was highly correlated with ΔAlb cont , the increase in PV was likely
529
caused by an increase in Alb cont as suggested before in older subjects (37) and young 530 subjects (11, 19) . In addition, unlike in the previous study (37), in the present study, we used 531 glucose as a placebo for the Glc group, adjusted to be iso-caloric with the supplement for the 532 Pro-Glc group, indicating that whey-protein supplementation was necessary to cause PV 533 expansion in this protocol. Thus, we reconfirmed the merits of a mixture of whey-protein + 534 glucose intake immediately after exercise for aerobic training to increase PV in older 535 subjects with higher arterial blood pressures than in the previous study (37). On the other 536 hand, the mechanisms for the marginal increase in PV in the Glc group (Figs 2 and 3) 537 remained unknown; however, extracellular fluid expansion due to accelerated renal Na + 538 reabsorption with enhanced insulin secretion by glucose intake might be involved (21).
540
Thermo-regulatory response:
541 As in Fig. 5 , we found that the FVC response to increased T es was significantly 542 enhanced after training in the Pro-Glc group but not in the Glc group.
543
In our previous study (37), we analyzed the FVC response to increased T es during 544 exercise at a similar relative intensity in the similar environmental conditions after aerobic 545 training before and after aerobic training as in the present study, and we suggested that the 546 sensitivities of FVC response to a given increase in T es increased by 80% when PV increased 547 by ~6% in the whey-protein + carbohydrate supplement group but not in the placebo group,
548
in which PV almost remained unchanged. Although, in the previous study, T es at rest was not 549 significantly different before and after training in both groups, in the present study, T es at rest and at the end of exercise decreased by ~0.1 °C and ~0.3 °C, respectively, after training in 551 the Pro-Glc group (Table 3) . Therefore, we calculated the difference of the area under the 552 curve of the FVC response in the range of T es variation commonly observed before and after 553 training in each group instead of using the traditional method to evaluate the FVC response 554 (37). As a result, we found that a mixture of whey-protein + glucose supplementation during 555 aerobic training significantly improved FVC responses in older men with higher arterial 556 blood pressures than in the previous study (37).
557
Regarding the mechanisms of the improved FVC response in the Pro-Glc group, it has 558 been suggested that acute hypervolemia by blood transfusion (9) and saline infusion (36),
559
and an increase in venous return to the heart by changing posture from the upright to supine volume in the present study, we confirmed that PV after training maintained a significantly 566 higher level than before training during the thermoregulatory response test (Fig. 3) , and the 567 increase was marginally greater in the Pro-Glc than in the Glc group (P = 0.055). These 568 results support the idea that stretching the cardiopulmonary mechanoreceptors with an 569 increase in venous return to the heart enhances cutaneous vasodilation in the older men with 570 higher arterial blood pressure than in the previous study (37).
571
On the other hand, although the SR response to increased T es was significantly enhanced 572 by 18% in the Pro-Glc group in the previous study (37), in the present study, we found no 573 significant improvement of the response, calculated similarly to the FVC response, after training in the Pro-Glc group, despite the trend shown in Fig. 5 C, which was likely due to 575 higher inter-individual variation of the response than in the previous study (37).
577
Arterial blood pressures:
578 As in Fig. 4 , HR and DBP were significantly lower at rest and during exercise after 579 training in both groups; however, more importantly, in the present study, after training, SBP
580
and DBP during exercise decreased in the Pro-Glc group by a similar degree to the Glc 581 group despite the significant increase in PV.
582
It has been suggested that aerobic exercise training decreases arterial blood pressure by 583 decreasing arterial wall stiffness (46) and sympathetic nervous out flow (4, 12, 25) , and by
584
improving BRS (25) in middle-aged and older people with hypertension, though after more 585 prolonged exercise training than in the present study. In the present study, BRS increased by 586 66% in the Glc group and by 132% in the Pro-Glc group, and CAC significantly increased 587 by 21% in the Pro-Glc group (Fig. 6 ), but we did not measure sympathetic nervous activity.
588
As a result, we found that MBP decreased by ~10 mmHg at rest and ~20 mmHg during 589 exercise after training in both groups, equivalent to ~10% and ~14% lower than the arterial pressure by increased PV. However, importantly in the present study, we found that 596 even such a small increase in PV caused a significant improvement in cutaneous 597 vasodilation in older men with higher arterial blood pressures than in the previous study (37) (Fig. 5) .
599
The detailed mechanisms for the increased CAC in the Pro-Glc group remain unknown.
600
However, the arterial compliance decreases with advancing age, which was reportedly 601 partially caused by decreased elastin in the vascular wall (5), a phenomenon that is a greater 602 risk in hypertensive patients (39) and animal models (2, 3, 7, 45 Pro-Glc groups, respectively. ***, P < 0.001 vs. before training. †, P < 0.05 between groups. 
841
Values are means ± SE for 11 and 10 subjects in the Glc and Pro-Glc groups. *, P < 0.05 vs. 
